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The Apol lo  Block I1 CM-SM thermal c o n t r o l  s y s t e m s ,  

d e s i g n e d  f o r  t h e  l u n a r  m i s s i o n ,  a re  b e i n g  a d a p t e d  f o r  t h e  A A P  

e a r t h  o r b i t a l  m i s s i o n s .  AAP has a t t i t u d e  c o n s t r a i n t s  n o t  

r e q u i r e d  i n  Apo l lo ,  and compared t o  Apo l lo ,  t hese  m i s s i o n s  a re  

c o l d - b i a s e d  due t o  lower  i n t e r n a l  heat  g e n e r a t i o n ,  t h e  e a r t h  

o r b i t a l  env i ronmen t ,  and c l u s t e r  shadowing d u r i n g  AAP 3-4 

a l t e r n a t e  m i s s i o n .  

I n  t h e  SM, e l e c t r i c a l  hea te rs  and i n s u l a t i o n  a re  used  

e x t e n s i v e l y  f o r  t h e  the rma l  c o n t r o l  o f  v a r i o u s  s t o r a g e  t a n k s  and 

equipment .  I n  t h e  C M ,  t h e  thermal c o n t r o l  o f  h a b i t a b l e  a r e a s  

and e l e c t r o n i c  equipment  i s  accompl i shed  w i t h  a n  a c t i v e  water- 

g l y c o l  c o o l a n t  c i r c u i t .  Fo r  A A P ,  more i n s u l a t i o n  and hea ters  

a re  r e q u i r e d  i n  t h e  SM; however, d e t a i l s  o f  p lacement  and d e s i g n  

a re  n o t  comple te .  I n  t h e  C M ,  t h e  Apo l lo  sys t em can  be used 

w i t h o u t  major  m o d i f i c a t i o n .  
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I .  I N T R O D U C T I O N  

The p u r p o s e  of t h i s  memorandum i s  t o  p r o v i d e  a n  o v e r a l l  
d e s c r i p t i o n  o f  t h e  t h e r m a l  c o n t r o l  sys tems employed on t h e  A A P  
Command Module and S e r v i c e  Module (CM-SM) and t o  o u t l i n e  v a r i o u s  
problems and changes a s s o c i a t e d  w i t h  t h e  p r e s e n t  c o n f i g u r a t i o n .  
The d e s c r i p t i o n  s e r v e s  t o  a i d  i n  u n d e r s t a n d i n g  b a s i c a l l y  how 
CM-SM thermal  c o n t r o l  i s  a t t a i n e d ;  a v a i l a b l e  n u m e r i c a l  data are 
i n c l u d e d  f o r  d e s c r i p t i v e  p u r p o s e s .  A n a l y s i s  and d e s i g n  t e c h n i q u e s  
are  g e n e r a l l y  o m i t t e d  s i n c e  hardware i s  t h e  ma jo r  c o n c e r n .  

Although t h e  f i n a l  d e s i g n  of t h e  CM-SM thermal  c o n t r o l  
s y s t e m s  has n o t  been  de te rmined ,  t h e  P r e l i m i n a r y  Requi rements  
Review has been  conduc ted  and Nor th  American Rockwell ,  t h e  pr ime 
c o n t r a c t o r  f o r  t h e  CM-SM, i s  p r e p a r i n g  f o r  t h e  P r e l i m i n a r y  Des ign  
Review i n  t h e  e a r l y  pa r t  of 1969 .  I n  a d d i t i o n ,  M a r t i n  Marietta 
and McDonnell Douglas  have  r e c e n t l y  comple ted  separa te  mod i f i ca -  
t i o n  s t u d i e s  of t h e  CM-SM. I n f o r m a t i o n  f o r  t h i s  memorandum has 
b e e n  o b t a i n e d  from r e p o r t s  i s s u e d  b y  these  c o n t r a c t o r s ,  f rom NASA 
documents ,  and from c o n v e r s a t i o n s  w i t h  v a r i o u s  i n d i v i d u a l s  con- 
c e r n e d  w i t h  CM-SM thermal  c o n t r o l .  A s  p r e s e n t e d ,  t h i s  i n f o r m a t i o n  
r e f l e c t s  t h e  c u r r e n t  s y s t e m  c o n f i g u r a t i o n  w h i l e  i n d i c a t i n g  p o t e n t i a l  
areas o f  change l e a d i n g  t o  t h e  f i n a l  sys t em c o n f i g u r a t i o n .  

I n  P a r t  I1 o f  t h i s  memorandum, t h e  g e n e r a l  r e q u i r e m e n t s  
f o r  t h e r m a l  c o n t r o l  of  t h e  CM-SM are  p r e s e n t e d .  The v a r i o u s  A A P  
thermal  env i ronmen t s  a r e  o u t l i n e d ,  and compar isons  w i t h  t h e  Apo l lo  
Block  I1 r e q u i r e m e n t s  are  made.  

I n  P a r t  111, t h e  AAP thermal  c o n t r o l  sys t em i s  d e s c r i b e d  
a l o n g  w i t h  t h e  c u r r e n t l y  d e s i g n a t e d  m o d i f i c a t i o n s  t o  t h e  Apo l lo  
Block  I1 hardware (See  T a b l e  I f o r  a change summary). Passive 
t h e r m a l  c o n t r o l s  a s s o c i a t e d  w i t h  t h e  CM-SM o u t e r  s t r u c t u r e  are 
p r e s e n t e d  f i r s t ,  s i n c e  t h e y  e x e r t  a g e n e r a l  i n f l u e n c e  o v e r  t h e  
t h e r m a l  c o n t r o l  o f  v a r i o u s  e l emen t s  l o c a t e d  w i t h i n  t h e  CM-SM. 
A t  t h e  same t i m e ,  t h e  o v e r a l l  CM-SM c o n f i g u r a t i o n  i s  o u t l i n e d .  
Next ,  t h e  p a s s i v e  and a c t i v e  thermal c o n t r o l s  more d i r e c t l y  a p p l i e d  
t o  s p e c i f i c  sys t ems  and components l o c a t e d  i n  t h e  SM are  d e s c r i b e d .  
And f i n a l l y ,  t h o s e  c o n t r o l s  a p p l i e d  t o  e l emen t s  l o c a t e d  i n  t h e  CM 
are s i m i l a r l y  descr ibed .  
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11. REQUIREMENTS* 

A v a r i e t y  o f  t he rma l  env i ronmen t s  e x i s t s  f o r  t h e  A A P  
m i s s i o n s ,  b o t h  n a t u r a l  and induced :  

1. The CM-SM w i t h  t h e  crew i s  exposed t o  t h e  e a r t h  
a tmosphere  environment  d u r i n g  p r e l a u n c h  o p e r a t i o n s .  

2 .  S u b s t a n t i a l  aerothermodynamic heat  l o a d s  o c c u r  
d u r i n g  b o o s t  and e n t r y .  

3.  Both r a d i a t i o n  and c o n d u c t i o n  heat l o a d s  a r e  imposed 
by RCS and SPS f i r i n g  e v e n t s .  

4 .  The CM-SM i s  s u b j e c t e d  t o  a low ea r th  o r b i t  thermal  
env i ronmen t ,  which l a s t s  up t o  56 d a y s .  

The Apol lo  CM-SM i s  d e s i g n e d  f o r  a l u n a r  m i s s i o n  which 
r e q u i r e s  o c c a s i o n a l  a t t i t u d e  h o l d s .  Tempera ture  d i f f e r e n c e s  
a re  c o n t r o l l e d  by  ba rbecue  r o l l i n g .  I n  c o n t r a s t ,  t h e  A A P  E a r t h  
o r b i t a l  m i s s i o n s  r e q u i r e  f i x e d  a t t i t u d e s .  I n  AAP 1 - 2  and 3 A ,  
t h e  O r b i t a l  Assembly ( O A )  i s  p e r p e n d i c u l a r  t o  t h e  o r b i t a l  p l a n e  
w i t h  t h e  s o l a r  arrays c o n t i n u a l l y  sun  d i r e c t e d .  I n  A A P  3-4,  
t h e  l o n g i t u d i n a l  a x i s  of t h e  OA i s  m a i n t a i n e d  p e r p e n d i c u l a r  t o  
t h e  s o l a r  v e c t o r  a g a i n  w i t h  w i t h  t h e  s o l a r  a r r a y s  c o n t i n u a l l y  
s u n  d i r e c t e d .  I n  AAP 3-4 a l t e r n a t e ,  t h e  CM-SM, a l i g n e d  w i t h  
t h e  s o l a r  v e c t o r  beh ind  t h e  Lunar  Module and Apol lo  T e l e s c o p e  
Mount , i s  a lmos t  c o m p l e t e l y  shadowed. T h i s  i s  t h e  c o l d e s t  
m i s s  i o n .  

s i g n i f i c a n t  d i f f e r e n c e  between t h e  two m i s s i o n s  i s  t h a t  t h e  
AAP m i s s i o n s  a r e  co ld -b ia sed  compared t o  Apo l lo .  There i s  l e s s  
i n t e r n a l  heat  g e n e r a t i o n  i n  t h e  CM due t o  t h e  A A P  power-down 
o p e r a t i o n  and t h e  lower  CM m e t a b o l i c  l o a d s ,  and t h e r e  i s  less  
e x t e r n a l  h e a t i n g  due  t o  t h e  ea r th  o r b i t a l  envi ronment  and c l u s t e r  
shadowing d u r i n g  t h e  a l t e rna te  m i s s i o n .  A s  a compar ison ,  t h e  
n e t  AAP Env i ronmen ta l  C o n t r o l  System (ECS) heat  r e j e c t i o n  needs  
a re  1 ,500  t o  6 ,000 BTU/hr  v e r s u s  4,940 t o  8,570 BTU/hr f o r  Apo l lo .  
Many o f  t h e  changes  f o r  AAP a r e  r e l a t ed  t o  t h e  c o l d e r  env i ronmen t .  
111. AAI) c?I-s?I T!EF,?IAL CO?JTEOL 

Both p a s s i v e  and a c t i v e  t h e r m a l  c o n t r o l  methods are  
employed. P a s s i v e  c o n t r o l ,  i n c l u d i n g  t h e  u s e  o f  i n s u l a t i o n ,  
hea te rs ,**  s e l e c t i v e  o p t i c a l  c o a t i n g ,  e t c .  i s  g e n e r a l l y  p r e f e r r e d  
b e c a u s e  o f  t h e  i n h e r e n t  s i m p l i c i t y  and r e l i a b i l i t y .  However, 
p a s s i v e  c o n t r o l s  must be supplemented w i t h  t h e  c o m p l i c a t e d  b u t  

Aside from these f i x e d  a t t i t u d e  r e q u i r e m e n t s ,  t h e  

* A r e q u i r e m e n t s  summary t a k e n  d i r e c t l y  from t h e  J u l y  1 8 ,  1968 

* * E l e c t r i c  hea t e r s  a r e  t r a d i t i o n a l l y  c a t e g o r i z e d  as p a s s i v e  or 
d e s c r i p t i o n  i s  p r o v i d e d  i n  t h e  Appendix.  

s emi -pass ive .  
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more v e r s a t i l e  a c t i v e  c o n t r o l s  i n c l u d i n g  c i r c u l a t i o n  f a n s ,  
l i q u i d  c i r c u l a t i o n  sys t ems ,  and r a d i a t o r s .  Although t h e  
u s e  o f  p a s s i v e  c o n t r o l s  u s u a l l y  means a s a v i n g s  i n  power 
and weight ,  an  o v e r l y  l a r g e  use of e l e c t r i c a l  hea te rs  may 
p l a c e  e x c e s s i v e  demands on t h e  e l e c t r i c a l  power c a p a b i l i t i e s .  

The thermal c h a r a c t e r i s t i c s  o f  t h e  CM have remained 
e s s e n t i a l l y  t h e  same for AAP and Apo l lo ,  and i t s  t h e r m a l  c o n t r o l  
sys t em i s  w e l l  d e f i n e d  a t  t h i s  s t a g e  of d e s i g n .  C e r t a i n  a s p e c t s  
of t h e  SM t h e r m a l  c o n t r o l  sys tem are n o t  as w e l l  d e f i n e d .  Although 
i t  has been  d e c i d e d  t o  compensate f o r  t h e  c o l d e r  AAP m i s s i o n  by 
t h e  a d d i t i o n  o f  hea te rs  and i n s u l a t i o n  i n  t h e  SM, d e t a i l s  of s i z e  
and p lacement  are n o t  y e t  comple te .  The thermal c h a r a c t e r i s t i c s  
of  t h e  SM have  been a l t e r ed  by changes  i n  t h e  l o c a t i o n  and s i z e  
of v a r i o u s  t a n k s  and equipment s t o r e d .  The changes must be  i n -  
c o r p o r a t e d  i n  t h e  a n a l y t i c a l  model b e f o r e  i n s u l a t i o n  and h e a t e r  
p l acemen t  i n  t h e  SM can be d e t a i l e d .  S i n c e  t h e r m a l  d e s i g n  con- 
s i d e r a t i o n s  and pending  equipment changes are  i n t e r r e l a t e d ,  
a d d i t i o n a l  changes t o  SM thermal c o n t r o l  are  p o s s i b l e .  The 
c u r r e n t  e l e c t r i c a l  power r equ i r emen t  f o r  hea te rs  i s  estimated 
a t  900 watts f o r  t h e  c o l d e s t  m i s s i o n  ( A l t e r n a t e  AAP 3-4),  which 
i s  r e d u c e d  from t h e  e a r l i e r  e s t i m a t e  of  1 , 3 0 6  watts.  (See  
Tab le  I1 f o r  a Nor th  American l i s t  o f  hea te r  r e q u i r e m e n t s . )  

G e n e r a l  CM-SM S t r u c t u r e  

The CM c o n s i s t s  o f  an o u t e r  s h e l l  of s t a i n l e s s  s t e e l  
honeycomb (hea t  s h i e l d )  and an i n n e r  s h e l l  ( p r e s s u r e  v e s s e l )  of 
aluminum honeycomb s e p a r a t e d  by a l a y e r  o f  f i b r o u s  s i l i c a  i n s u -  
l a t i o n  ( H i t c o  Corp. TB 1 5 , 0 0 0 ) .  The i n s u l a t i o n  l a y e r  i s o l a t e s  
t h e  CM i n n e r  compartment h o u s i n g  t h e  crew and e l e c t r i c a l  equip-  
ment f rom i t s  envi ronment ;  however, s u b s t a n t i a l  heat  leaks s t i l l  
o c c u r  a t  j o i n t s  and windows. 

The SM i s  b a s i c a l l y  a l i g h t  weight s t r u c t u r a l  s u p p o r t  
assembly  f o r  t h e  p r o p e l l a n t  t a n k s ,  c r y o g e n i c  s t o r a g e  t a n k s  and 
EPS components,  It r e a c t s  q u i c k l y  t o  changes i n  t e m p e r a t u r e  
and i s  i n e f f e c t i v e  i n  smoothing t e m p e r a t u r e  d i f f e r e n c e s .  (The 
SM o u t e r  s h e l l  t e m p e r a t u r e s  r ange  from -110'F t o  +25OoF.) How- 
e v e r ,  c r i n k l e d  a lumin ized  M y l a r  and Kapton i n s u l a t i o n  i s  employed 
t o  r e d u c e  u n f a v o r a b l e  heat t r a n s f e r .  I n s u l a t i o n  pe r fo rmance  i s  a 
f u n c t i o n  o f  i n s t a l l a t i o n  t e c h n i q u e s  and r e s i d u a l  gas p r e s s u r e .  
V e n t i n g  i s  p r o v i d e d  by random 1/8 i n c h  diameter h o l e s  i n  e a c h  
l a y e r  o f  i n s u l a t i o n .  

Excep t  f o r  e n t r y  when the  CM and SM s e p a r a t e ,  t h e  CM 
and SM are p h y s i c a l l y  j o i n e d  t o  form a u n i t  - t h e  CM-SM (see 
F i g u r e  1). A s  a u n i t ,  t h e y  a r e  exposed  t o  similar thermal  
e n v i r o n m e n t s ,  however, hea t  t r a n s f e r  a c r o s s  t h e i r  j o i n i n g  bu lk -  
head i s  minimal  due t o  t h e  b l a n k e t  i n s u l a t i o n  s e p a r a t i n g  t h e  
two modules .  
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A b l a t i v e  Layers  

Much of t h e  CM-SM e x t e r i o r  i s  cove red  w i t h  a b l a t i v e  
l a y e r s  t o  p r o v i d e  p r o t e c t i o n  f rom aerothermodynamic l o a d s .  
The nose  and s ides  o f  t h e  CM are cove red  w i t h  a b o o s t  p r o t e c t i v e  
c o v e r  t h a t  p r o t e c t s  t h e  CM and i t s  c o a t i n g s  d u r i n g  l aunch  and 
t h e n  i s  removed ("blown o f f "  w i t h  t h e  e s c a p e  t o w e r ) .  A 0 .3"  
c o r k  l a y e r  on t h i s  c o v e r  s e r v e s  as t h e  a b l a t o r .  I n  a d d i t i o n  t o  
t h e  b o o s t  p r o t e c t i v e  c o v e r ,  t h e  CM i s  cove red  w i t h  a l a y e r  o f  
epoxy r e s i n  f i b e r  a b l a t o r  ( A V C O  CORP.  5026-39) f o r  t h e r m a l  c o n t r o l  
d u r i n g  e n t r y .  

The SM i s  cove red  wi th  a co rk  l a y e r  e x c e p t ,  p r i m a r i l y ,  
f o r  t h e  r a d i a t o r s .  T h i s  l aye r  v a r i e s  i n  t h i c k n e s s  s i n c e  i t  also 
s e r v e s  t o  p r o t e c t  t h e  SM d u r i n g  RCS f i r i n g  e v e n t s .  

Aerothermodynamic h e a t i n g  d u r i n g  b o o s t  and e n t r y  i s  less  
i n  AAP t h a n  i n  Apo l lo ,  and Block I1 a b l a t i v e  c o a t i n g s  are g e n e r a l l y  
a d e q u a t e .  The on ly  e x c e p t i o n  i s  t h e  SM c o r k  p a d s .  Maximum 
d u r a t i o n  SM RCS f i r i n g  e v e n t s  are 1,200 seconds  f o r  AAP v e r s u s  
o n l y  500 seconds  f o r  Apo l lo .  D i r e c t  h e a t i n g  from plume impingement 
w i l l  c h a r  s u b s t a n t i a l l y  more o f  t he  co rk  l a y e r .  T h i s  r e q u i r e s  
t h i c k e r  p a d s .  

SM A f t  Heat S h i e l d  

SPS f i r i n g  p roduces  h i g h  n o z z l e  t e m p e r a t u r e s  which lead 
t o  h e a t i n g  of t h e  SM a f t  p o r t i o n .  The Block I1 a f t  hea t  s h i e l d ,  
c o n s i s t i n g  of  a n i c k e l  cove r ,  s i l i c a  f i b e r  b a t t i n g  and l a y e r s  of 
c r i n k l e d  a lumin ized  myla r  s u p e r i n s u l a t i o n ,  i s  more t h a n  a d e q u a t e  
f o r  AAP i f  i t  i s  n o t  r e q u i r e d  t o  s e r v e  f o r  b o t h  p o s i t i v e  and 
n e g a t i v e  B a n g l e s .  A c o a t i n g  change i s  needed t o  compensate f o r  
s o l a r  h e a t i n g  a t  n e g a t i v e  B .  

S u r f a c e  C o a t i n g s  

To minimize a d v e r s e  r a d i a n t  heat t r a n s f e r ,  t h e  CM-SM 
s u r f a c e  i s  covered  w i t h  s e l e c t i v e  c o a t i n g s ,  e x c e p t  f o r  t h e  radia- 
t o r s  c o v e r i n g  a p p r o x i m a t e l y  h a l f  of  t h e  SM l a t e r a l  s u r f a c e ,  and 
t h e  SM cork  pads  c h a r r e d  d u r i n g  l aunch  and RCS f i r i n g  e v e n t s .  

The Apol lo  c o a t i n g s  are  n o t  s u i t e d  f o r  t h e  AAP f i x e d  
a t t i t u d e  env i ronmen t .  Fo r  t h e  SM areas, a n  aluminum f i l l e d  
p o l y u r e t h a n e  p a i n t  w i t h  a so l a r  a b s o r p t i v i t y  o f  0 .26  and an  
e m i s s i v i t y  of 0.26 i s  chosen.  I n  a d d i t i o n ,  a new m e t a l l i c  
"plume/shadow s h i e l d "  p r o t e c t s  s u n  d i r e c t e d  SM RCS components 
f rom o v e r h e a t i n g .  F o r  t h e  C M  s u r f a c e ,  a c o a t i n g  s y s t e m  w i t h  
s o l a r  a b s o r p t i v i t y  o f  0 . 1  and an e m i s s i v i t y  o f  0 . 1  i s  t e n t a -  
t i v e l y  s e l e c t e d .  
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A p r imary  c o n s i d e r a t i o n  i n  t h e  c h o i c e  of  c o a t i n g s  i s  
t h e i r  r e s i s t a n c e  t o  d e g r a d a t i o n .  Plume impingement d u r i n g  
removhl  of t h e  b o o s t  h e a t  s h i e l d  may l i m i t  t h e  e f f e c t i v e n e s s  
o f  C M  c o a t i n g s ,  and s u r f a c e  h e a t i n g  d u r i n g  l aunch  c h a r s  some of 
t h e  SM c o r k  l a y e r s .  U l t r a  v i o l e t  d e g r a d a t i o n  d u r i n g  o r b i t  i s  
s u b s t a n t i a l  f o r  many c o a t i n g s .  

SM Components Thermal C o n t r o l  

f o r  t h e  EPS f u e l  c e l l  c o o l a n t  c i r c u i t s .  I n  g e n e r a l ,  t h e  c o l d e r  
A A P  f i x e d  a t t i t u d e  m i s s i o n s  p l u s  v a r i o u s  t a n k  c a p a c i t y  and 
l o c a t i o n  changes have a l t e r e d  t h e  p lacement  of  i n s u l a t i o n  and 
have  r e q u i r e d  the  a d d i t i o n  of h e a t e r s .  Heaters and i n s u l a t i o n  
are s i z e d  f o r  t he  c o l d  AAP 3-4 a l t e r n a t e  m i s s i o n .  

Thermal c o n t r o l  employed i n  t h e  SM i s  p a s s i v e ,  e x c e p t  

Cryogenic  Tanks 

Cryogenic  t a n k s  a r e  hea t  s i n k s  due t o  t h e i r  low tempera-  
t u r e s  and la rge  thermal  c a p a c i t i e s .  They  are t h e r m a l l y  i s o l a t e d  
by vacuum j a c k e t i n g ;  however, t h e y  are s u p p l i e d  w i t h  heaters  f o r  
p r e s s u r i z a t i o n  p u r p o s e s .  During i n i t i a l  p r e s s u r i z a t i o n  o f  t h e  
O r b i t a l  Assembly, O 2  and N2 are  heated f o r  f low r a t e s  up t o  
20 l b / h r . ,  and d u r i n g  E x t r a v e h i c u l a r  A c t i v i t y  O2 i s  heated f o r  
f l o w  ra tes  up t o  20 l b / h r .  (The u s e  of  w a s t e  hea t  f o r  p r e s s u r -  
i z a t i o n  i s  d i s c u s s e d  l a t e r . )  

A s t u d y  of  h e a t i n g  r e q u i r e m e n t s  for O2 and N2 i n d i c a t e s  
t h a t ,  i n s t e a d  o f  t h e  50°F t o  7OoF l e v e l s  f o r m e r l y  l i s t e d ,  d e l i v e r y  
t e m p e r a t u r e s  down t o  45OF a r e  a c c e p t a b l e .  

RCS and SPS Tempera tures  

SM RCS and SPS n o z z l e s  and e n g i n e s  are c o o l e d  r a d i a n t l y  
when f i r i n g .  Th i s  leads t o  e x c e s s i v e  c o o l i n g  when n o t  f i r i n g .  
RCS p r o p e l l a n t  t e m p e r a t u r e s  must  be m a i n t a i n e d  be tween 40OF and 
85OF, and RCS e n g i n e  c l u s t e r s  must b e  m a i n t a i n e d  be tween 7OoF and 
134OF. SPS p r o p e l l a n t  cannot  be a l lowed  t o  r e a c h  t e m p e r a t u r e s  
less t.h=m 35°F: T n  prevent e x c e s s i v e  c o o l i n g ,  and t h u s  a s s u r e  
p r o p u l s i o n  s y s t e m  r e s t a r t ,  e l e c t r i c  h e a t e r s  are p r o v i d e d  f o r  
f l u i d  c o n t r o l l i n g  components. A d d i t i o n a l  hea te rs  are b e i n g  
added f o r  t h e  c o l d e r  AAP envi ronment  (See  T a b l e  11). (Thermal 
p r o t e c t i o n  f o r  RCS t a n k s  l o c a t e d  n e a r  s u n - d i r e c t e d  quads  i s  
p r o v i d e d  by t h e  plume/shadow s h i e l d .  ) 
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EPS Coolant  C i r c u i t  

The th ree  EPS f u e l  c e l l s  are coo led  by a w a t e r - g l y c o l  
( 1 2 0  l b / h r  maximum t o t a l  f low r a t e )  c i r c u i t  connec ted  t o  e i g h t  

r a d i a t o r  p a n e l s  ( 5  f t 2  e a c h )  l o c a t e d  on t h e  f a i r i n g  be tween t h e  
CM and SM ( F i g u r e  1). These p a n e l s  are  i s o l a t e d  f rom t h e  
s u r r o u n d i n g  SM s t r u c t u r e .  Each c e l l  has i t s  own c o o l a n t  c i r c u i t  
and s e l f - c o n t a i n e d  pump (See F i g u r e  2 ) ,  b u t  t h e  r a d i a t o r s  a r e  
u s e d  i n  common. 

The Block I1 EPS c o o l a n t  c i r c u i t  a p p a r e n t l y  r e q u i r e s  
l i t t l e  m o d i f i c a t i o n  f o r  AAP, even  though a new f u e l  c e l l  power 
p l a n t  has b e e n  s e l e c t e d .  However new maximum and minimum 
power o u t p u t  l i m i t a t i o n s  are imposed on t h e  f u e l  c e l l  power 
p l a n t .  New a n a l y s i s  i s  p l anned .  

Manually a c t u a t e d  v a l v e s  b y p a s s  3 o f  t h e  8 r a d i a t o r  
p a n e l s  f o r  each f u e l  c e l l  d u r i n g  low hea t  l o a d s .  Coo lan t  
l i q u i d  f r e e z i n g  i s  a p o t e n t i a l  problem when any c e l l s  are s h u t  
down c o m p l e t e l y ;  however ,  t h e r m a l  c o u p l i n g  w i t h  t h e  c o o l a n t  
l o o p s  o f  t h e  c e l l s  t h a t  remain i n  o p e r a t i o n  p r e v e n t s  f r e e z i n g .  
F u r t h e r  p r o t e c t i o n  from f r e e z i n g  i s  a t t a i n a b l e  b y  c o n t i n u i n g  
t o  pump c o o l a n t  t h rough  a c e l l  t h a t  has been  s h u t  down. 

CM Components Thermal  C o n t r o l  

CM P a s s i v e  C o n t r o l  

P a s s i v e  c o n t r o l  i n s i d e  t h e  CM must b e  m o d i f i e d  from 
Block I1 t o  compensate f o r  t h e  c o l d e r  AAP env i ronmen t .  More 
i n s u l a t i o n  and heaters a r e  needed f o r  t a n k s  and l i n e s  (waste 
qa t e r ,  p o t a b l e  water,  and a few CM RCS components ) ,  and hea te rs  
are b e i n g  c o n s i d e r e d  f o r  w a t e r  v e n t i n g  l i n e s  and p o r t s  t o  p r e v e n t  
f r ee  ze-up . 

ECS Coolant  C i r c u i t  

CM thermal c o n t r o l  depends p r i m a r i l y  on t h e  a c t i v e  
c o o l a n t  c i r c u i t .  An e t h y l e n e - g l y c o l  and water m i x t u r e  ( 6 2 . 5 %  
t o  37.5%) l i q u i d  c o o l a n t  i s  pi-!mp~rl thrncgh varicus h c a t  e x z h a n g e ~ s  
l o c a t e d  i n  t h e  CM and i s  d e l i v e r e d  t o  r a d i a t o r s  l o c a t e d  i n  t h e  
SM, where waste heat i s  e m i t t e d  t o  s p a c e  (See F i g u r e s  3 and 4 ) .  
There i s  a p r imary  c o o l a n t  c i r c u i t  and, a l s o ,  a s e c o n d a r y  c i r c u i t  
t o  b e  used  i n  emergency. 
l o o p s  t h r o u g h  t h e  CM and SM. Two c o o l a n t  c i r c u i t  subsys t ems  are 
g e n e r a l l y  r e c o g n i z e d :  (1) t h e  " c o o l a n t  c i r c u i t  subsys tem" con- 
s i s t i n g  o f  a l l  components (p r imary  and s e c o n d a r y )  l o c a t e d  i n  t h e  
CM, and ( 2 )  t h e  " r a d i a t o r  subsys tem" c o n s i s t i n g  b a s i c a l l y  o f  a l l  
c i r c u i t  components l o c a t e d  i n  t h e  SM. Although p a r t s  o f  t h i s  
s y s t e m  are  l o c a t e d  i n  t h e  SM, i t  p r o v i d e s  a c t i v e  thermal c o n t r o l  
on ly  f o r  t h e  CM c a b i n  and equipment .  The e n t i r e  c i r c u i t  i s  con- 
s i d e r e d  p a r t  o f  t h e  CM Environment C o n t r o l  System ( E C S ) .  

Both c i r c u i t s  form comple t e ,  b u t  s e p a r a t e ,  
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Coolan t  C i r c u i t  Subsystem 

The A A P  c o o l a n t  c i r c u i t  subsys t em hardware i s  e s s e n -  
t i a l l y  t h e  same as Block I1 (See F i g .  3 ) .  I n  t h e  p r i m a r y  c o o l a n t  
c i r c u i t ,  t h e  water g l y c o l  m i x t u r e  i s  d r i v e n  a t  200  l b / h r  b y  a pump 
a s s e m b l y  ( two pumps i n  p a r a l l e l ) .  T h i s  c i r c u i t  removes heat  from 
a water c h i l l e r ,  a p r e s s u r e  s u i t  heat exchange r ,  and  e l e c t r o n i c  
equipment  c o l d p l a t e  ne twork ,  and e i t h e r  removes or adds h e a t  t o  
t h e  c a b i n  a tmosphe re .  This a tmosphere  c o n t r o l  i s  a t t a i n e d  b y  
s e l e c t i v e  r o u t i n g  o f  t h e  c o o l a n t .  During t h e  c a b i n  f u l l - c o o l i n g  
mode, 167  l b / h r  f l o w s  th rough  t h e  water c h i l l e r ,  t h e  p r e s s u r e  
s u i t  heat exchange r ,  and t h e  c a b i n  heat  exchange r ,  and t h e n  j o i n s  
t h e  r e m a i n i n g  33 l b / h r  t o  pass t h r o u g h  t h e  c o l d p l a t e s .  Dur ing  
t h e  c a b i n  f u l l - h e a t i n g  mode, 167 l b / h r  f lows  th rough  t h e  water 
c h i l l e r  and t h e  p r e s s u r e  s u i t  heat exchange r  and t h e n  j o i n s  t h e  
r e m a i n i n g  33 l b / h r  t o  f low through t h e  c o l d  p la tes  b e f o r e  a l l  
200 l b / h r  f lows  t o  t h e  c a b i n  h e a t  exchange r .  S i n c e  t h e  ma jo r  
waste hea t  l o a d  i s  i n  t h e  co ld  p l a t e s ,  t h e  c a b i n  t e m p e r a t u r e  c a n  
b e  c o n t r o l l e d  up or down. (The  CM heat exchange r  i s  s i z e d  t o  
c o n t r o l  t h e  CM a tmosphere  under  t h e  a s sumpt ion  t h a t  a tmosphere  
exchange w i t h  t h e  M u l t i p l e  Docking Adapter  i s  i s o t h e r m a l . )  

An e v a p o r a t o r  and a c o o l a n t  r e s e r v o i r  are  a l s o  i n c l u d e d  
i n  t h e  p r imary  c o o l a n t  c i r c u i t  subsys tem.  The e v a p o r a t o r  p ro -  
v i d e s  e x t r a  hea t  r e j e c t i o n  c a p a b i l i t y  t o  supplement  t h e  r a d i a t o r s  
by  e v a p o r a t i n g  water ( approx ima te ly  1 , 0 0 0  BTU/ lb  water).  It i s  a l so  
used  above 1 1 0 , 0 0 0  f t .  d u r i n g  l a u n c h  and e n t r y  where steam can  be 
v e n t e d .  (See F i g u r e  3 ) .  The r e s e r v o i r  s e r v e s  as a hea t  s i n k  d u r i n g  
l a u n c h ,  when t h e  r a d i a t o r  s y b s y s t e m  i s  bypassed ,  and d u r i n g  e n t r y .  
Dur ing  p r e l a u n c h ,  t e m p e r a t u r e  c o n t r o l l e d  c o o l a n t  i s  e x t e r n a l l y  
c i r c u l a t e d  for ECS thermal  c o n t r o l  by t h e  Ground Suppor t  Equipment .  

s e r v e s  p r i m a r i l y  as backup t h e r m a l  c o n t r o l  d u r i n g  emergency, and 
i s  n o t  a complete  redundancy o f  t h e  p r imary  l o o p .  There i s  no 
secondary  g l y c o l  r e s e r v o i r ,  no c o n n e c t i o n  t o  t h e  p o t a b l e  water 
s u p p l y ,  and no c a p a b i l i t y  t o  add c o l d p l a t e  waste hea t  t o  t h e  
c a b i n  atmosphere t h r o u g h  t h e  hea t  exchange r .  A separa te  pumping 
a s sembly  (1 pump i n s t e a d  o f  two) and a secondary  e v a p o r a t o r  are 

The secondary  l o o p  i n  t he  ECS c o o l a n t  c i r c u i t  subsys t em 

4 n n l r i A - A  4 n  +he -n---d..--- l - - -  
A A - U A U U ~ U  A L L  4~~~ o ~ ~ u i i u a i - y  ~ u u p .  

The p u r p o s e  s e r v e d  by t h e  ECS secondary  c o o l a n t  l o o p  
i s  b e i n g  examined f o r  A A P .  Although i t  i s  i n t e n d e d  p r i m a r i l y  f o r  
emergency c o n t r o l ,  o t h e r  components may be  ab le  t o  s e r v e  t h e  same 
f u n c t i o n .  For example,  t h e  w a t e r  e v a p o r a t o r  i n  t h e  pr imary  l o o p  
can  remove waste heat d u r i n g  r a d i a t o r  f a i l u r e .  
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The on ly  s i g n i f i c a n t  b a s e l i n e d  change t o  t h e  Block  I1 
c o o l a n t  c i r c u i t  subsys t em i s  t h e  i m p l e m e n t a t i o n  o f  a two p o i n t  
c o o l a n t  c o n t r o l .  I n  t h e  Block I1 sys t em,  c o o l a n t  r e t u r n i n g  from 
t h e  ECS r a d i a t o r  subsys t em i s  a u t o m a t i c a l l y  c o n t r o l l e d  a t  45OF 
by e i t h e r  mixing  w i t h  h o t  c o o l a n t  t o  r a i s e  t h e  t e m p e r a t u r e  or 
by removing heat  i n  t h e  e v a p o r a t o r  t o  lower  t h e  t e m p e r a t u r e .  
The a u t o m a t i c  c o n t r o l  i s  moni tored  w i t h  a t e m p e r a t u r e  s e n s o r  
on t h e  c o o l a n t  l i n e .  To compensate f o r  t h e  A A P  c o l d e r  e n v i r o n -  
ment ,  crew s e l e c t i o n  of two c o o l a n t  c o n t r o l  t e m p e r a t u r e s ,  45OF 
and 60°F, i s  p r o v i d e d  by t he  a d d i t i o n  o f  a second  t e m p e r a t u r e  
s e n s o r  (15OF h i g h e r ) .  The 6 0 O ~  c o o l a n t  w i l l  r e s u l t  i n  r e d u c e d  
waste hea t  removal .  T h i s  e n a b l e s  t h e  ma in tenance  o f  c a b i n  
t e m p e r a t u r e s  w i t h o u t  add ing  more hea te rs .  T h i s  does  n o t  r e s u l t  
i n  CM h u m i d i t y  problems s i n c e  water and C 0 2  are  removed i n  the  
A i r l o c k  Module. 

Radi a t  or Subsystem 

The ECS r a d i a t o r  subsys tem (See  F i g u r e  4 ) ,  l o c a t e d  i n  
t h e  SM, i s  m o d i f i e d  t o  a l l o w  s e l e c t i v e  f r e e z i n g .  T h i s  i s  r e q u i r e d  
b e c a u s e  heat  r e j e c t i o n  r e q u i r e m e n t s  f o r  AAP are  o n l y  1,500 t o  
6 , 0 0 0  B T U / h r  v e r s u s  4 , 9 4 0  t o  8,570 B T U / h r  f o r  Apo l lo  Block 11. 

2 The two 8 f t 2  r a d i a t o r  p a n e l s  are  bypassed ,  l e a v i n g  two 40 f t  
p a n e l s ,  and an a u t o m a t i c  i s o l a t i o n  v a l v e  i s  added t o  r e s t r i c t  
f low t o  on ly  one o f  these  r ema in ing  p a n e l s  d u r i n g  low h e a t  l o a d s .  
The o t h e r  r a d i a t o r  p a n e l  w i l l  b e  a l lowed  t o  f r eeze  up .  When 
b o t h  p a n e l s  are o p e r a t i n g ,  an e x i s t i n g  Block I1 p r o p o r t i o n i n g  
v a l v e  sys t em d i v i d e s  c o o l a n t  f l o w  between t h e  p a n e l s  t o  minimize 
o u t l e t  t e m p e r a t u r e  d i f f e r e n c e s .  

Two heat  exchange r s  added t o  t h e  c o o l a n t  l i n e  i n  t h e  
SM heat  oxygen and n i t r o g e n  d u r i n g  h i g h  f low p r e s s u r i z a t i o n  o f  
t h e  O r b i t a l  Assembly. An e x i s t i n g  i n l i n e  h e a t e r  ( 5 0 0  wa t t s )  
supp lemen t s  waste heat  i f  n e c e s s a r y .  Normally,  t h i s  h e a t e r  
s e r v e s  t o  p r e v e n t  c o o l a n t  f r e e z i n g .  A new hea ter ,  i d e n t i c a l  
t o  t h e  f i r s t ,  i s  b e i n g  added be tween t h e  N 2  heat  exchange r  
and t h e  p r o p o r t i o n i n g  v a l v e s  t o  p r o v i d e  f u r t h e r  p r o t e c t i o n  
from r a d i a t o r  f reeze-up .  

The r a d i a t o r  subsys t em i s  s t i l l  s u b j e c t  t o  s t u d y .  
The p r o p o r t i o n i n g  v a l v e  sys tem may n o t  be needed  s i n c e  one 
40 f t  
t o  r e j e c t  t h e  maximum heat  l o a d s .  

2 p a n e l  w i t h ,  p e r h a p s ,  one 8 f t 2  p a n e l  may b e  ' s u f f i c i e n t  
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The secondary  l o o p  i n  t h e  r a d i a t o r  subsys t em s imply  
connec t s  t he  CM c o o l a n t  subsys tem t o  t h e  r a d i a t o r s .  It does  
n o t  have a p r o p o r t i o n i n g  v a l v e  s y s t e m  and i t  b y p a s s e s  t h e  
oxygen and n i t r o g e n  h e a t  exchange r s .  It  i s  p r o v i d e d ,  however ,  
w i t h  an i n l i n e  e l e c t r i c  h e a t e r  t o  p r e v e n t  c o o l a n t  f r e e z i n g .  
A s  ment ioned ,  t h e  secondary  loop  may n o t  be  needed.  

1022-GMY-mef G .  M.  Yan izdsk i  

A t  t achrnent s 
F i g u r e s  1 - 4  
Tab le s  1-11 
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T a b l e  I 

Summary of Changes t o  Thermal  C o n t r o l  

The NASA b a s e l i n e d  changes  r e l a t e d  t o  t h e r m a l  c o n t r o l  
are d e s c r i b e d  i n  i t e m s  1 t o  9 .  An a d d i t i o n a l  l i s t i n g  o f  Nor th  
American b a s e l i n e d  changes a r e  i n c l u d e d  b e c a u s e  t h e y  r e f l e c t  
c u r r e n t  c o n t r a c t o r  t h i n k i n g  and i n c l u d e  more d e t a i l .  Except  
for items 2 and 5,  items 1 t h r o u g h  9 are b a s i c a l l y  common t o  
b o t h  b a s e l i n e s .  

I t e m  No. Change Refe rence  

1 Replumb ECS r a d i a t o r  N A S A  Manned Space  
sys tem t o  bypass  s e r i e s  c r a f t  C e n t e r  Docu- 
( smal l )  p a n e l s  and t o  ment "AAP S t a n d a r d  
p e r m i t  i s o l a t i o n  of  one CSM C o n f i g u r a t i o n "  
s t a g n a t i o n  ( l a r g e )  p a n e l  p r e p a r e d  by t h e  

G e n e r a l  E l e c t r i c  Co. 
J u l y  1 9 ,  1 9 6 8  

4 

5 

6 

7 

R e l o c a t e  i n  CM i n l i n e  
heaters  f o r  ECS radia-  
t o r  

Modify c o n t r o l s  f o r  CM 
c o o l a n t  bypass  v a l v e  t o  
p r o v i d e  crew s e l e c t i o n  
c a p a b i l i t y  for e i t h e r  
o f  t h e  two c o o l a n t  con- 
t r o  1 temper a t  u r e  s 

Add water h e a t e r s  ( C M )  

Add v a l v e s  and c o n t r o l s  
t o  p e r m i t  r a d i a t o r  p a n e l  
i s o l a t i o n  

Add N 2  and O 2  heat  ex- 
changer  t o  p r e s e n t  l i q u i d  
l o o p  t o  s a t i s f y  i n c r e a s e d  
f low augmented w i t h  e l e c t r i c  
hea te rs  

Modify RCS " t h r u s t e r  c l u s t e r "  
heater  c o n t r o l  l o o p  

I? 

I? 

I? 

11 

I? 

I? 
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I tem No. Change R e f e r e n c e  

8 Add i n s u l a t i o n ,  hea t e r s  NASA Manned Space-  
and a s s o c i a t e d  c o n t r o l s  c r a f t  C e n t e r  Docu- 
and d i s p l a y s  on a l l  RCS ment "AAP S t a n d a r d  
t a n k s  and l i n e s  (SM) CSM C onf i g u r  a t  i on" 

p r e p a r e d  b y  t h e  
Genera l  E l e c t r i c  Co. 
J u l y  1 9 ,  1968 

9 

10 

11 

12 

13 

14 

15 

16 

1 7  

1 8  

19 

Add heaters  as r e q u i r e d  
t o  SPS l i n e s ,  t a n k s ,  
e n g i n e ,  components 

Modify CM c o a t i n g  sub- DOC. NO. SD 68-555 
s y s t e m  o p t i c a l  p r o p e r -  
t i e s  Program CSM Conf igu ra -  

" Ap o 110 App li c a t  5 ons 

t i o n  B a s e l i n e "  Gould,  
C .  L.  (Nor th  American 
Rockwel l )  J u l y  23 ,  
1968, Revised  
Oc tobe r  1, 1968 

Modify SM s u p e r i n s u l a -  
t i o n  b l a n k e t s  t a i l o r e d  
t o  AAP subsys tem con- 
f i g u r a t i o n  

Modify SPS f e e d l i n e  
hea te rs  and c o n t r o l s  

Add CM RCS t a n k  hea te r s /  
i n s u l a t i o n  

Add CM ECS t a n k  heaters /  
i n s u l a t i o n  

Add SM RCS p a n e l  shadow 
s h i e l d  

Remove SM c o r k  o v e r  RCS 
p a n e l s  

Add SM EPS r e t u r n  b a t t e r y  
pack h e a t e r s  

Modify SM RCS Quad hea te r  
c o n t r o l  

Add SM s u p e r i n s u l a t i o n  b l a n k e t s  
i n  Bays I1 and V 

I? 

11 

?? 
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L o c a t i o n  

CM - 
CM RCS 

Engines 
Helium t a n k s  
O x i d i z e r  t a n k s  
F u e l  t a n k s  

E CS 
P o t  ab le-wat e r  t a n k  
Waste-water t a n k  

SM - 
SM RCS 

Engine quads 
P r i m a r y  
S e c ondary 

P r o p e l l a n t  t a n k s  
Helium t a n k s  
Helium p r e s s u r i z a t i o n  

Supplementary t a n k  
p a n e l s  and l i n e s  

s h e l v e s  
SPS 

P r o p e l l a n t  t a n k s  
Helium p r e s s u r i z a t i o n  

F e e d l i n e s  2Rd valve 
p a n e l  

sys t em 

Tab le  I1 

S i z e  Number 
(Watts ) 

* *  ** 
7.82 2 

11.75 2 
6.27 2 

9 . 4  1 
1 8 . 8  1 

72 .O 4 
72.0 4 
72.0 4 
39 .2  1 6  
22.1 4 
26.2 4 

63.3 2 

255.3 2 
1 4 . 0  1 

105.2 

Heater Requirements Summary 
(Nor th  American - Rep. No. SD 68-555, pp . 85-86) 

E l e c t r i c  Heaters* 
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Appendix 

Requi rements  Summary from SD-68-551* 

The f o l l o w i n g  pa rag raphs  , t a k e n  d i r e c t l y  f rom 
SD 68-551, summarize t h e  b a s i c  AAP CM-SM thermal c o n t r o l  
r e q u i r e m e n t s .  Pa rag raph  numbers are t h o s e  a p p e a r i n g  i n  SD 
68-551 ( p p .  2-41 t o  2 - 6 2 ) .  A v e r t i c a l  l i n e  i n  t h e  r i g h t  
margin  i n d i c a t e s  a sys t em requ i r emen t  p e c u l i a r  t o  AAP. These 
l i n e s  a re  p a r t  o f  t h e  o r i g i n a l  t e x t .  Review I t e m  D i s c r e p a n c i e s  
from t h e  CM-SM P r e l i m i n a r y  Requirements  Review have  been  i n -  
c o r p o r a t e d .  

2 . 2 . 1 . 1 . 2 . 1  F u e l  Cel l  Powerplan t  Subsystem. The f u e l  
p o w e r p l a n t  subsys t em s h a l l  p r o v i d e  t h e  f o l l o w i n g :  

3.  F u e l  C e l l  Coo l ing  - A r a d i a t o r  sys t em s h a l l  p r o v i d e  f o r  
t h e  r e j e c t i o n  o f  waste heat g e n e r a t e d  by t h r e e  f u e l  c e l l s  
(F/C) t o  s p a c e .  

E i g h t  curved  p a n e l s  s h a l l  compr i se  t h e  r a d i a t o r  a s sembly .  
Each p a n e l  s h a l l  have a f i x e d  r a d i a t i n g  area of  un i fo rm 
t h i c k n e s s .  The r a d i a t o r  p a n e l s  s h a l l  b e  l o c a t e d  on t h e  
o u t e r  p e r i p h e r y  of t h e  CM/SM f a i r i n g .  Three i n d e p e n d e n t l y  
o p e r a t i n g  f l u i d  loops  s .hal l  b e  e q u a l l y  s p a c e d  on each  
p a n e l  w i t h  a s s o c i a t e d  ex tended  s u r f a c e s  ( f i n s ) .  Each 
l o o p  p o s i t i o n  sha l l  b e  a l t e r n a t e d  from p a n e l  t o  p a n e l .  
The f l u i d  l o o p s  s h a l l  be  man i fo lded  i n  s e r i e s .  

Each r a d i a t o r  p a n e l  s h a l l  - 
a .  B e  t h e r m a l l y  i s o l a t e d  from s p a c e c r a f t  e n v i r o n m e n t a l  

c o n d u c t i v e  e f f e c t s .  

b .  E x h i b i t  o p t i c a l  p r o p e r t i e s  as f o l l o w s :  

S o l a r  a b s o r p t a n c e ,  A s  = 0 . 2 0  

H e m i s p h e r i c a l  e m i t t a n c e ,  eH = 0 . 9 2  

2 2 The r a d i a t o r  area s h a l l  b e  40 f t  , 5 f t  / p a n e l .  

* 
SD 68-551 "Apol lo  A p p l i c a t i o n s  Program CSM Mission/System 

Requi rements , "  Nor th  American Rockwell  C o r p o r a t i o n ,  J u l y  18, 1968. 
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T o t a l  r a d i a t o r  a r e a  r e d u c t i o n  t o  25 f t 2  sha l l  b e  made 
p o s s i b l e  b y  t h e  i n c o r p o r a t i o n  of  a r a d i a t o r  b y p a s s  
l i n e  f o r  each  f l u i d  l o o p .  Three of  t h e  e l g h t  p a n e l s  
s h a l l  be c a p a b l e  o f  b e i n g  removed from s e r v i c e  by t h e  
b y p a s s .  The c o o l a n t  f l u i d  ( w a t e r / g l y c o l )  o f  t he  
r a d i a t o r  assembly s h a l l  c o l l e c t  t h e  waste heat  from 
t h e  f u e l  c e l l  power p l a n t  a t  t h e  c o n d e n s e r .  T h i s  f l u i d  
s h a l l  p r e h e a t  t h e  f u e l  c e l l  r e a c t a n t s  and t h e  r e t u r n i n g  
c o o l a n t  f l u i d  b e f o r e  e n t e r i n g  t h e  f i r s t  r a d i a t o r  p a n e l .  
The r a d i a t o r  h e a t  s h a l l  b e  t r a n s f e r r e d  c o n v e c t i v e l y  
from t h e  f l u i d  t o  t h e  p a n e l  d u c t s  and f i n s  t h e n  r ad ia t ed  
t o  s p a c e .  

F u e l  c e l l  r a d i a t o r  h e a t - r e j e c t i o n  c a p a b i l i t y  f o r  a 
nominal  p r o f i l e  s h a l l  b e  1 ,718  t o  6 ,796 Btu /hr  a t  t h e  
f o l l o w i n g  c o n d i t i o n s :  

a .  AAP 3-4, 0-degree B-angle w i t h  d i r e c t  s o l a r  i r r a d i a t i o n  

b .  A A P  3-4 backup, 53-degree B-angle w i t h  no d i r e c t  s o l a r  
i r r a d i a t i o n .  

4 .  F u e l  C e l l  Ven t ing  - The t h r e e  f u e l  c e l l s  s h a l l  produce  
a minimum of  2900 watts o f  dc  power w i t h o u t  r e q u i r i n g  
t h e  u s e  of  steam v e n t i n g  f o r  d i s p o s i n g  of excess  h e a t .  
An ove rboa rd  v e n t  c a p a b i l i t y  s h a l l  be  r e q u i r e d  t h a t  
w i l l  n o t  f r eeze .  With one f u e l  c e l l  o u t ,  t h e  r ema in ing  
two s h a l l  produce  a minimum o f  2500 watts w i t h o u t  v e n t i n g .  
With two f u e l  c e l l s  o u t ,  t h e  r e m a i n i n g  f u e l  c e l l  s h a l l  
produce  a minimum o f  1250 wat t s  w i t h o u t  v e n t i n g .  

5.  Water P r o d u c t i o n  - The f u e l  c e l l s  s h a l l  produce  p o t a b l e  
water i n  accordance  w i t h  t h e  r e q u i r e m e n t s  o f  2 . 2 . 1 . 1 . 1 . 4  - 

and 2 .2 .1 .3 .3 .3 .  

6 .  L o c a t i o n  - The f u e l  c e l l  powerp lan t  subsys t em s h a l l  be  
l o c a t e d  i n  t h e  SM. 

2 .2 .1 .3 .2  Thermal C o n t r o l  o f  H a b i t a b l e  Areas Subsystem. 

The thermal  c o n t r o l  of h a b i t a b l e  areas subsys t em s h a l l  
remove e x c e s s  heat g e n e r a t e d  b y  t h e  crew and CSM equipment  and 
r e j e c t  i t  t o  s p a c e .  

2 . 2 . 1 . 3 . 2 . 1  Subsystem Requi rements .  The t h e r m a l  c o n t r o l  
subsys t em s h a l l  meet t h e  f o l l o w i n g  r e q u i r e m e n t s  : 
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1. A c t i v e  t h e r m a l  c o n t r o l  f o r  CM equipment  and a tmosphere  
s h a l l  be  p r o v i d e d  th roughou t  t h e  m i s s i o n .  

c r i t i c a l  equipment  and p r o v i d e  f o r  emergency c o o l i n g  
d u r i n g  a b o r t s  i n  t h e  e v e n t  t h e  p r imary  c o o l i n g  sys t em 
s h o u l d  f a i l .  

2. The thermal  c o n t r o l  s y s t e m  s h a l l  b e  r edundan t  f o r  

3.  A r a d i a t o r  sys t em s h a l l  b e  u t i l i z e d  t o  r e j e c t  t h e  waste 

4. The c o o l a n t  s h a l l  n o t  b e  p e r m i t t e d  to f r e e z e  e x c e p t  i n  

heat to s p a c e .  

one s e c t i o n  a t  a t i m e  i n  a p a r a l l e l  r a d i a t o r  s y s t e m .  

2.2.1.3.2.2. Performance Requ i remen t s .  The a c t i v e  t h e r m a l  
c o n t r o l  subsys t em s h a l l  have t h e  f o l l o w i n g  per formance  r e q u i r e -  
ments :  

1. 

2 .  

3. 

The subsys t em s h a l l  p r o v i d e  t h e r m a l  c o n t r o l  f o r  equipment .  
No c r i t i c a l  equipment s h a l l  depend upon t h e  c a b i n  
a tmosphere  f o r  c o o l i n g  and p r e s s u r i z a t i o n .  

The subsys tem shal l  p r o v i d e  f o r  c o n t r o l l i n g  c a b i n  
a tmosphere  t e m p e r a t u r e  to t h e  l i m i t s  d e f i n e d  i n  
p a r a g r a p h  2.2.1.3 .l. 1 . 2  .* 
The ECS r a d i a t o r  s y s t e m  s h a l l  be  c a p a b l e  o f  r e j e c t i n g  
waste hea t  a t  r a t e s  v a r y i n g  from 2,000 t o  6,500 B t u / h r .  
Dur ing  i n i t i a l  OA p r e s s u r i z a t i o n ,  t h e  ECS r a d i a t o r  
sys t em s h a l l  h e a t  02 or N2, f l o w i n g  a t  a r a t e  o f  
1 0  l b / h r ,  from c y r o g e n i c  s t o r a g e  t e m p e r a t u r e s  to 50 
t o  7OF. During EVA or MDA s u r g e  t a n k  r e f i l l  p e r i o d s ,  
O2 f l o w i n g  a t  a r a t e  o f  15 l b / h r  s h a l l  b e  heated from 
c r y o g e n i c  s t o r a g e  t e m p e r a t u r e s  to 50 to 70F. 

2.2.1.3.6 CSM Thermal Con t ro l  

The CSM s h a l l  b e  ma in ta ined  w i t h i n  i t s  a c c e p t a b l e  t e m p e r a t u r e  
l i m i t s  r e g a r d l e s s  of v e h i c l e  o r i e n t a t i o n  f o r  e i t . h e r  t h e  p r imary  
o r  backup m i s s i o n .  

2.2.1.3.6.1 Subsystem Requ i remen t s .  The CSM t h e r m a l  con- 
t r o l  subsys t em s h a l l :  

* 
Parag raph  2.2.1.3.1.1.2 g i v e s  t h e  CM a tmosphere  t e m p e r a t u r e  

r e q u i r e m e n t  as normal  75k5F; emergency t e m p e r a t u r e  depending  on 
p r e v a i l i n g  r e l a t i v e  h u m i d i t y .  I n  R I D  4-23 dated 7/24/68, "75k5F" 
was removed and "NASA comfort  c r i t e r i a "  i n s e r t e d .  
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1. 

2 .  

3.  

P r o v i d e  t h e  n e c e s s a r y  i n s u l a t i o n  and c o a t i n g s  for 
a s c e n t ,  o r b i t ,  r endezvous ,  docking ,  docked,  and  
e n t r y .  

P r o v i d e  f o r  t e m p e r a t u r e  c o n t r o l  o f  a l l  components,  
t a n k s ,  l i n e s ,  s t r u c t u r e ,  e t c . ,  i n  t h e  u n p r e s s u r i z e d  
areas of  t h e  CSM ( t e m p e r a t u r e  c o n t r o l  o f  h a b i t a b l e  
areas i s  d i s c u s s e d  i n  2 . 2 . 1 . 3 . 2 )  

Whenever e l e c t r i c a l  hea te rs  are u t i l i z e d ,  t h e  hea te r  
and c o n t r o l  c h a r a c t e r i s t i c s  s h a l l  be  such  t h a t  l a r g e  
s u r g e s  i n  power r e q u i r e m e n t s  and c y c l i n g  a re  min i -  
mized.  Heaters s h a l l  b e  r edundan t  or m u l t i p l e  e l e -  
ments s u c h  t h a t  f a i l u r e  of one e l emen t  s h a l l  n o t  
p r e v e n t  p r o v i d i n g  p r o p e r  thermal c o n t r o l .  
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- / n  



BELLCOMM, INC. 

S u b j e c t :  A A P  CM-SM Thermal 
C o n t r o l  Systems 

From: G .  M .  Yan izesk i  

D i s t r i b u t i o n  L i s t  

NASA Headquar t e r s  

Messrs. E .  P .  Andrews/MLA 
0.  T.  Bumgardner/MLT 
H .  Cohen/MLR 
P .  E .  Culbertson/MLA 
J .  H.  Disher/MLD 
G .  A .  D'Onofrio/MLT 
J .  A .  Edwards/MLO 
L. K .  Fero/MLV 
J .  P .  F i e l d ,  J r . / M L P  

T.  A .  Hanes/MLA 
T.  A .  Keegan/MA-2 
H .  T .  Luskin/ML 
H .  Mannheimer/MLA 
J .  Marsh/MLT 

M .  Savage/MLT 
R .  E .  Storm/MLR 

C .  P .  Mook/RV-l 

MSC 

Messrs. R .  G .  Brown/ES-16 H .  W .  Dotts/KS 

C .  N .  Crews/KS R .  L. Frost/KS 
R .  B .  Davidson/KF H .  E. G a r t r e l l / K F  

- 

E. T.  Chimenti/ES-5 R .  L .  Dotts/ES-5 

MSFC 

Messrs. R .  R .  Fisher/R-P&VE-PTP W .  0 .  Randolph/R-P&VE-PTE 
G .  Hardy/R-SE-A H .  Trucks/R-P&VE-PTP 
G .  D .  Hopson/R-P&VE-PT J .  L .  Vaniman/R-P&VE-PTP 

Nor th  American Rockwell 

Messrs. C .  F .  L ind ley  
A .  Nusenow 

Bellcomm 

Messrs. A .  P. Boysen J .  Z .  Menard 
T .  A .  Bottomley I. M .  Ross 
D .  A .  Chisholm J .  A .  Saxton  
S .  S .  Fineblum P .  F .  Sennewald 
D .  R .  Hagner J .  W .  Timko 
A .  S .  Haron R .  L .  Wagner 
B.  T .  Howard 

Div .  1 0 1  S u p e r v i s i o n  
Dept .  2015, 2034 S u p e r v i s i o n  
A l l  Members Dept .  1 0 2 1 ,  1 0 2 2 ,  1 0 2 4 ,  1025  
Department  1 0 2 4  F i l e  
C e n t r a l  F i l e  
L i b r a r y  


